Repetitive DNA is abundant in eucaryotic cells and has been increasingly described in procaryotes. Tandem repeats that represent a single locus and that show interindividual length polymorphisms are called "variable number tandem repeats" (VNTRs). VNTRs and other short-sequence DNA tandem repeats in procaryotic genomes appear to provide useful information on both the functional and the evolutionary aspects of bacterial genetic diversity (34) . All bacterial genome sequences released so far contain tandem repeats at various densities, depending on the species (17) . The increasing availability of whole-genome sequences is an invaluable source of VNTRs, which has opened the way to multiple-locus VNTR analysis (MLVA) for the typing of bacteria. MLVAs have been proposed so far for Bacillus anthracis (17) , Yersinia pestis (27) , Francisella tularensis (10) , Mycobacterium tuberculosis (16) , Legionella pneumophila (28) , Pseudomonas aeruginosa (24) , Escherichia coli O157:H7 (19) , and Salmonella enterica subsp. enterica serovars Typhimurium (18) and Typhi (20) .
Serovars of S. enterica subsp. enterica include pathogens that differ widely in their host range spectra (for a review, see reference 3). Among these are serovar Typhimurium, a common cause of salmonellosis that affects humans and animals worldwide, and serovar Typhi, a food-or waterborne lifethreatening illness that affects 17 million people each year, with approximately 600,000 deaths (5) . The internationally standardized Vi phage typing system described by Craigie and Yen (6) defines more than 100 Vi phage types of serovar Typhi, and similar systems have been developed for serovar Typhimurium (2) . The stability of phage type provides an opportunity to monitor the spread of a clone over decades. Adversely, most isolates are distributed among only a few phage types. For example, it has been demonstrated that the DT104 phage type of multidrug-resistant (MDR) serovar Typhimurium is a single clone that has spread pandemically in Europe (30) . Similarly, 42 of 48 isolates of MDR serovar Typhi isolates were assigned to Vi phage type E1 (14) . The introduction of molecular typing methods, such as ribotyping (1) , randomly amplified polymorphic DNA analysis (9) , amplified fragment length polymorphism analysis (12) , and pulsed-field gel electrophoresis (PFGE) (33) , has greatly improved the ability to discriminate between epidemiologically related and unrelated isolates in outbreaks of typhoid fever (29) and other salmonelloses (26) . PFGE remains a valuable investigational tool because its high discriminatory power allows investigators to make decisions of epidemiological importance.
However, all of these methods suffer from one or more significant drawbacks, including insufficient discriminatory power, poor reproducibility between laboratories, and difficulties with the comparison and accumulation of results by dif-ferent laboratories. Multilocus sequence typing (MLST) (21) and its recent introduction for the characterization of Salmonella strains (15) has opened the way to standardization of data handling and the development of web-based resources for querying databases. When applicable, MLVA typing is very low cost, is accessible to any laboratory equipped with minimum molecular biology equipment, and is open to large-scale standardization. Moreover, MLVA remains fully compatible with automated fragment size determination by capillary electrophoresis and unambiguous nucleotide sequence determination to those who have these resources. Recently, the nonfastidious VNTR-based DNA fingerprinting of Salmonella has demonstrated the potential of MLVA for the typing of S. enterica subsp. enterica serotypes Typhimurium (18) and Typhi (20) . In the context of bioterrorism countermeasure deployment or, more importantly, for epidemiological follow-up in less developed countries, the present report contributes to the development of MLVA through the evaluation of multiple VNTR markers for the discrimination of about a hundred S. enterica subsp. enterica isolates, with an emphasis on both serovars Typhi and Typhimurium.
MATERIALS AND METHODS
Strains and DNA preparation. Ninety-nine strains of S. enterica subsp. enterica, including serovars Typhi (27 isolates) and Typhimurium (39 isolates) as well as other serovars (33 isolates), were analyzed (Fig. 1) . Twenty-six serovar Typhimurium isolates were originally isolated from human stool samples in the context of the control of disease in symptomatic and nonsymptomatic food handlers in restaurants. Twenty-six serovar Typhi isolates and nine serovar Paratyphi A isolates were originally isolated from blood or stool samples from symptomatic patients. All were single patient isolates. The travel histories of the individuals were unknown because the original clinical records were not available. Isolation was done locally by French regional military health laboratories (Aquitaine, Bretagne, Ile de France, Lorraine, Midi-Pyrénées, Basse Normandie, Provence-Alpes-Côte d'Azur, Rhône-Alpes, and, to a lesser extent, laboratories overseas), as were identification by standard techniques (with the API 20E system and by serotyping) and antibiotic susceptibility testing with disks. All serovar Typhimurium isolates were ampicillin, chloramphenicol, spectinomycin, sulfonamide, and tetracycline resistant (commonly abbreviated ACSSuT). The phage types of the ACSSuT Typhimurium isolates were not determined. Original isolates cultured on nutrient agar slopes were sent to the clinical microbiology laboratory of the Bégin Military Hospital (Saint Mandé, France) and stored frozen at Ϫ80°C in 10% glycerol until they were needed.
Three strains of Salmonella serovar Enteritidis were from the collection of bacterial strains maintained by the Centre d'Études du Bouchet (CEB), Vert le Petit, France. They consisted of three distinct preservations of isolates that have been recovered after the 2nd, 44th, and 99th inoculations of guinea pigs, respectively, in the 1960s. Other serovars were purchased at different times from the Collection de l'Institut Pasteur (Paris, France).
DNA was isolated with the MagNa Pure system and the MagNa Pure LC DNA isolation kit III (Roche Diagnostics, Meylan, France), according to the instructions of the manufacturer. The DNA was extracted from the collection strains in larger amounts by a method described elsewhere (36) .
Identification of tandem repeats. The complete genome sequences of Salmonella serovar Typhi CT18 (25) and Ty2 (7) and of Salmonella serovar Typhimurium LT2 (23) were analyzed by using the tandem repeats database described elsewhere (8, 17) and accessible at http://minisatellites.u-psud.fr to identify tandem repeats with different sizes in the two genomes. Tandem repeats were named according to their chromosomal locations and by use of the Salmonella serovar Typhimurium LT2 genome. When applicable, previously described VNTRs were named according to their original nomenclature (18, 20) .
VNTR amplification and genotyping. Primer sets specific for potential VNTR loci present in the CT18, Ty2, or LT2 sequence were designed with Primer3 software (31 , which were also used for gel loading, in order to reduce the risk of errors. Gel lengths of 20 cm were used. Gels were stained with ethidium bromide, visualized under UV light, and photographed. Allele sizes were estimated by using a 20-bp ladder (Bio-Rad, Marnes la Coquette, France) as a size marker. Each 50 wells of gel contained eight regularly spaced size marker lanes. In addition, strain LT2 was included as a control for size assignments (one LT2 control for each set of five DNA samples), as described previously (16) . Data analysis. Tagged image file format files of the gels and the resulting data were managed with the BioNumerics software package (version 3.5; AppliedMaths, Sint-Martens-Latem, Belgium) to estimate the sizes of the alleles. Allele sizes were converted into motif copy numbers in the tandem array, imported into BioNumerics software, and then subjected to cluster analysis by using the categorical coefficient and Ward clustering parameters. This implies that an equivalent weight is given to any multistate character at any locus, whatever the repeat number is. The polymorphism information index or Nei's diversity index (DI) was calculated for each marker as 1 Ϫ ⌺(allele frequency) 2 . The categorical coefficient was used to calculate the minimum-spanning tree (MST) with BioNumerics software. The creation of hypothetical genotypes was allowed. When solutions with identical calculated distances were obtained, BioNumerics software applies a priority rule based on criteria other than distance. Four priority rules are available and were tested: (i) the highest number of single-locus variants (SLVs; when two types have an equal distance to a linkage position in the tree, the type that has the highest number of SLVs is linked first), (ii) the highest number of SLVs and double-locus variants (DLVs; when two types have an equal distance to a linkage position in the tree, the types that differ in two states are considered equally), (iii) the highest number of entries (the program counts how many entries that each unique type contains; when equivalent linkage possibilities exist, the type that has the highest number of entries is linked first), and (iv) the most frequent state (the program calculates a frequency table for each state of characters, and types are ranked on the basis of the frequencies of their characters; when equivalent possibilities exist, the types that have the highest rank are linked first).
The absence of allele at a given locus (i.e., no amplification, despite repeated attempts) is neutral for cluster analysis (i.e., types 1, 3, and 12) ( Table 3 and Fig.   1 ). When the MST is constructed, the absence of an allele was considered as a result (zero) by the BioNumerics software; thus, a distance of 1 is calculated between two strains that differ only by the absence of one allele in one strain (i.e., types 1, 3, and 12; see Fig. 3 ).
RESULTS
The resource described previously (8) and accessible from http://minisatellites.u-psud.fr was used to explore the complete genome sequences of serovars Typhi (CT18 and Ty2) and Typhimurium (LT2). The tandem repeats detected predominantly had a repeat unit length with multiples of 3 over a range of 15 to 24 bp. For example, 7, 23, 104, and 7 tandem repeats with unit lengths of 6, 12, 21, and 30 bp, respectively, were detected in the CT18 genome. The Ty2 genome harbors 4, 30, 106, and 5 tandem repeats of the corresponding lengths; and the LT2 genome harbors 5, 25, 117, and 9 tandem repeats of the corresponding lengths.
All VNTR loci considered herein were located on the chromosome. Fourteen, 33, and 35 tandem repeats with repeat units longer than 6 bp were predicted to be polymorphic between CT18 and Ty2, CT18 and LT2, and Ty2 and LT2, respectively. Six tandem repeats were predicted to be of different lengths in all three strains. Altogether, 41 tandem repeats with two to three distinct alleles among the three genomes were identified (the list of repeats is available on request and from http://bacterial-genotyping.igmors.u-psud.fr/) (16) . All these tandem repeats represented potential VNTR loci for the typing of serovars Typhi and Typhimurium and were evaluated here. Thirteen primer pairs either produced multiple amplification products, even under stringent PCR conditions (eight pairs), or failed to amplify their target loci (five pairs). These 13 loci were not investigated further. Among the 28 primer pairs that efficiently amplified a unique DNA fragment, 26 pairs yielded a product of the expected size. Two primer pairs (STTR5 and Sal23) yielded a product of an unexpected size, corresponding to the presence of 13 (instead of 15) and 4 (instead of 3) copies of the repeat unit, respectively. Lindstedt et al. (18) also identified this discrepancy when they used primer STTR5. A collection of 99 clinical isolates collected from various geographical regions in France between 1993 and 1999, with an emphasis on serotypes Typhi and Typhimurium, was investigated. All 28 VNTR loci were amplified from all isolates of serovars Typhi, Typhimurium, and Paratyphi. The two methods used for DNA extraction had no effect on the amplification patterns (data not shown). The results presented herein are based on the ultimate selection of the most polymorphic markers observed: Sal02, Sal04, Sal06, Sal10, TR1, Sal15, STTR5, Sal20, TR5, and Sal23 (Table 1) . Within this selection, however, one isolate of S. enterica subsp. arizonae was not amplified with either Sal02 or Sal06 and four isolates of S. enterica subsp. enterica serotype Hadar were not amplified with Sal06. As a quality control, the LT2 reference DNA tested at a frequency of one control per group of five strains processed generated identical VNTR genotypes, thus demonstrating the reproducibility of the typing system setup (data not shown).
A comprehensive view of the allelic variability at selected loci and among the isolates in the collection is given in Table  2 . Two to 15 alleles were observed. Tandem repeats that displayed the highest allelic size variations had the shortest repeat units (i.e., less than 7 bp) ( Table 2 ). Genotype data for 10 loci and for all 99 isolates are presented in Table 3 .
DIs, which were calculated from the allele frequencies observed in the collection, reflects to some extent the usefulness of a VNTR locus for typing purposes. DIs ranged from 0.40 to 0.90 (Table 2) . When serovar Typhi (27 isolates) alone is considered, the DIs ranged from 0.14 to 0.87 ( Table 2 ). The four most variable loci (Sal02, TR1, STTR5, and Sal20) exhibited DIs of 0.87, 0.87, 0.82, and 0.81, respectively. They displayed allelic distributions that ranged from 3 to 18, 2 to 18, 7 to 24, and 9 to 21 repetitions, respectively (Table 2) . Moreover, a continuous range of repetitions was observed at loci Sal02 (8 to 18 repetitions), STTR5 (7 to 17 repetitions), and Sal20 (9 to 21 repetitions) ( Table 2 ). This distribution may reflect a wellbalanced diversity of the population investigated, in contrast to missing alleles that would have been observed within an unbalanced population due to sampling bias or, more likely, relatively high mutation rates for these loci.
The unique locus (STTR5) that was polymorphic in both serovar Typhi and serovar Typhimurium had similar DIs: 0.82 and 0.81, respectively ( Table 2 ). All other markers displayed a unique allele within the serovar Typhimurium ACSSuT isolates investigated here. Additionally, three markers were found to be variable within serovar Paratyphi A, with DIs ranging from 0.18 to 0.58 (Table 2) .
In order to determine the extent of genetic diversity among the strains tested, clustering analysis was performed as described in Materials and Methods. Fifty-two combinations of motifs with unique allele copy numbers were observed among the 99 isolates ( Fig. 1 and Table 3 ). There were four main groups, denoted groups A to D, each of which comprised smaller groups or individual isolates (Fig. 1) . Fixed allelic differences existed between major groups, as demonstrated by the presence of an allele with two repeat units at locus Sal04 which was characteristic of group D (Table 3) . Similarly, a repeat of three units at Sal10 was characteristic of group B. Fixed but composite allelic differences also defined major groups (Table  3) . For example, the pattern of one, four, and five repeats at loci Sal04, Sal22, and Sal23, respectively, identified group C (Table 3) .
Variable alleles at Sal02 (Fig. 2) were encountered in serovars Typhi and Paratyphi A, in contrast to the predominant allele made up of three repeats, which was present in all re- Typhimurium  16  03-171  3  1  3  3  2  3  9  10  3  4  B  Typhimurium  17  03-133  3  1  3  3  2  3  11  10  3  4  B  Typhimurium  17  03-148  3  1  3  3  2  3  11  10  3  4  B  Typhimurium  18  03-097  3  1  3  3  2  3  12  10  3  4  B  Typhimurium  18  03-170  3  1  3  3  2  3  12  10  3  4  B  Typhimurium  19  03-088  3  1  3  3  2  3  17  10  3  4  B  Typhimurium  19  03-091  3  1  3  3  2  3  17  10  3  4  B  Typhimurium  19  03-119  3  1  3  3  2  3  17  10  3  4  B  Typhimurium  19  03-172  3  1  3  3  2  3  17  10  3  4  B  Typhimurium  19  03-173  3  1  3  3  2  3  17  10  3  4  B  Typhimurium  19  03-180  3  1  3  3  2  3  17  10  3  4  B  Typhimurium  20  03-092  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  20  03-099  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  20  03-100  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  20  03-125  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  20  03-146  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  20  03-147  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  20  03-178  3  1  3  3  2  3  14  10  3  4  B  Typhimurium  21  03-087  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-089  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-090  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-093  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-094  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-095  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-102  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  86-063  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  03-149  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  21  85-033  3  1  3  3  2  3  15  10  3  4  B  Typhimurium  22  03-096  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-098  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-103  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-101  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-124  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-126  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-130  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-169  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-174  3  1  3  3  2  3  16  10  3  4  B  Typhimurium  22  03-175  3  1  3  3  2  3  16  10  3 maining isolates except S. enterica subsp. arizonae. For the latter isolate, the absence of amplification is presumably due to some divergence at flanking regions of the tandem repeat and suggests that primers should be redesigned to consider this subspecies. Variables alleles at TR1 (Fig. 2) were encountered only in serovar Typhi, in contrast to the predominant allele made of two repeats which was present in all remaining isolates. Variable alleles at Sal20 (Fig. 2) were encountered in serovar Typhi and to a lower extent in serovar Paratyphi A, in contrast to the predominant allele made up of 10 repeats, which was present in all remaining isolates (Fig. 2) . Conversely, STTR5 exhibited allele variability independently of the serovar status, thus implying that a given allele (i.e., 11 repeats) can be observed in all groups, groups A, B, C, and D (Table 3) . On the basis of the composite allelic distribution (Table 3) , population modeling was deduced by construction of MSTs (Fig. 3) by using different priority rules, as detailed in Materials and Methods. Such MSTs offer a more detailed view of the diversity of the test strain panel and highlight closer subtypes that differ by very few allelic changes. For example, all serovar Typhimurium isolates differed by no more than one allelic change (Table 3) . When both SLVs and DLVs or the most frequent state settings were used, genotype 17 (strains 03-133 and 03-148) was excluded from the serovar Typhimurium group due to the 11 repeats at STTR5 harbored by these two strains. This illustrates the splitting effects of such more variable markers. All four MSTs displayed very similar topologies, as suggested by the very similar grouping of strains (groups A, B, C, and D), identical linkages between groups (the groups were always branched together through the identical succession of genotypes 18, 3, 5, 7, 27, and 31), and identical calculated distances within this succession. In contrast to serovar Typhimurium, serovar Typhi isolates were much more heterogeneous and the subtree topology was more speculative. The serovar Typhi isolate of genotype 31 (strain 03-115) always linked the serovar Typhi subgroup to the other part of the MST. There was a discrete evolution of the genotype pattern of the serovar Enteritidis isolates between the 2nd, 44th, and 99th challenges in guinea pigs (Fig. 3) . Isolate CEB99-35 (99th passage) differed from isolates CEB99-33 (2nd passage) and CEB99-34 (44th passage) at two loci, Sal06 and Sal23 (Table 3) . 
DISCUSSION
The capability to trace S. enterica serovar Typhi epidemiologically remains of great importance because of the incidence of typhoid fever (5) and the emergence of MDR strains (12, 14) . Moreover, S. enterica serovar Typhimurium may be responsible for food-borne acute enterocolitis and the spread of MDR DT104 isolates worldwide. These two serotypes were among the very few human pathogens and/or potential bioterrorism threat agents not typed so far by MLVA, until the recent reports of Lindstedt et al. (18) (serovar Typhimurium) and Liu et al. (20) (serovar Typhi). In the present study, additional candidate VNTR loci were characterized from serovar Typhimurium strain LT2, and a selection of suitable markers for typing purpose was used to discriminate among S. enterica isolates, with an emphasis on serovars Typhi and Typhimurium. Some very polymorphic loci were not selected in the present work due to the presence of multiple bands for some strains, which made allele assignment uncertain. However, different PCR conditions or primer choices may solve this issue if additional markers are needed.
Two discrepancies between theoretical and observed alleles of STTR5 and Sal23 for strain LT2 were likely due to sequencing errors or strain divergence among strain collections. The repeat of 15 units at the STTR5 locus has already been observed (18) . Additionally, all serovar Typhimurium isolates analyzed here harbored four, but not three, repeats at monomorphic locus Sal23.
Seven of the 28 VNTRs tested in this study (Sal02, Sal06, TR1, Sal10, Sal15, STTR5, and Sal20) proved to be polymorphic within serovar Typhi, thus discriminating 25 of the 27 isolates tested (93%). Similarly, three of the five VNTRs tested by Liu et al. (20) discriminated 59 isolates into 49 genotypes. It is reasonable to assume that inclusion of the highly variable marker TR2 (DI ϭ 0.95 [20] ) would have further increased the level of discrimination among the isolates in our collection. Indeed, one of the two pairs of isolates that remained identical (types 32 and 46 in Fig. 1 ) exhibited distinct amplification profiles (data not shown). STTR5 is similarly very highly variable; and markers such as these, although they are probably not appropriate for phylogenetic investigations, may be of great use when studying local outbreaks. STTR5 similarly separates the 39 serovar Typhimurium ACSSuT isolates into eight genotypes. The phage types of these isolates were not determined, and the proportion of DT104 isolates is unknown, although it is probably high. The DI of 0.81 obtained for this collection (n ϭ 39) is consistent with the DI of 0.85 observed for a collection of 78 isolates of serovar Typhimurium, with an emphasis on phage type DT104, and with the DI of 0.73 observed when only the 37 DT104 isolates were considered (18; B. A. Lindstedt, personal communication). Genotypic variability within DT104 isolates has already been documented by amplified fragment length polymorphism analysis (12) and PFGE (22) . The population of serovar Typhi investigated here appeared to be more diverse than the populations of the other serovars; and this is in accordance with the high degree of heterogeneity observed by others among isolates originating from Asia (13, 14) , India (32), and Chile (11) .
Multilocus enzyme electrophoresis studies based on 25 chromosomal loci demonstrated that identity according to serovar does not necessarily reflect a close genetic relationship (4). MLST based on three genes confirms this observation (15) . The results by Kotetishvili et al. (15) suggested that the discriminatory ability of MLST for the typing of Salmonella is better than that of serotyping or PFGE typing. It will be of interest to compare MLVA with MLST for determination of the genetic relatedness of various Salmonella strains and serotypes. The tendency observed here by MLVA for genetically distinct groups to be consistent with the serovar classification will need to be assessed with strains from reference collections.
The alleles among the serovars tested in this study showed a restrained distribution, as suggested by the predominance of some repeat arrays made up of short motifs (Fig. 2) . This was especially striking for Sal02, TR1, and Sal20. Short repeat motifs are possibly believed to allow bacterial adaptation to different environments (35) , and the restrained distribution observed may support this idea. Although it is assumed that variation occurs randomly, unknown mechanisms result in the generation of longer repeats arrays in serovar Typhi (the Sal02, TR1, and Sal20 loci) and serovar Paratyphi A (the Sal02 locus). It is thus tempting to speculate from the present data that host adaptation has generated host-adapted variants with specific VNTR arrays.
The collection of serovar Typhimurium investigated previously (18) was geographically biased toward northern Europe, whereas the present study considers isolates originating from France. Some differences in the allele distributions at STTR5 may be due to these different geographical origins. For example, the alleles at this locus with 12 and 13 repeat units were rare in our collection (Table 3) . Similarly, in the case of serovar Typhi, the allelic distribution at locus TR1 differed in the two populations investigated so far. The collection investigated here showed a deficit for the alleles with 12 repeat units (Table  3) , whereas the collection from Asia (20) showed a strong deficit for the allele with 17 repeat units. Analysis of larger collections from various origins will address this question more accurately, once a reference set of tandem repeat loci has been more formally established. MSTs outlined didactically the population analyzed in terms of distance between isolates and numbers of isolates. Moreover, and perhaps most importantly, it allowed the creation of hypothetical types which correspond to missing links between subgroups within the MSTs, thus highlighting isolates that are not present in a collection.
In conclusion, we carried out MLVA in order to discern genetic similarities and differences among a random sample of serovar Typhi and Typhimurium isolates. A high level of subtype discrimination among the Typhi isolates was achieved. MLVA may be applied to the rapid typing of pathogens and to achieving a high level of discrimination of numerous pathogens and contributes to an improved responsiveness to outbreak investigations. The present work is intended to follow up this trend by developing easy-to-use DNA fingerprinting capabilities for Salmonella. Typing by MLVA can be achieved with basic equipment. The data obtained can easily be compared to published genotypes, either at a local level or by querying data via the website http://bacterial-genotyping.igmors.u-psud.fr/. The potential Internet-based querying tools will help make MLVA, like MLST, a good candidate for a robust and geographically widespread control program. Table 3 . The number of isolates for a given genotype is arbitrarily visualized by different cell shadings or fonts: gray or black, one isolate; sequential increase in shading from gray to black circles with white numbers, two, three, four, and five or more isolates. The empty circle indicates a hypothetical genotype not present in the population analyzed. The distance between neighboring genotypes is expressed as the number of allelic changes and is outlined by different shapes of lines: short bold line, one change; long thin line, two changes; black dotted lines, three to five changes, as indicated.
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